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Ethnopharmacological relevance: In Brazil, the plant Aloe saponaria Haw, popularly known as ‘‘babosa
pintadinha’’, has been empirically used for its potential effect on thermal injury. Because there are no
scientiﬁc data conﬁrming its popular use, the aim of the present study was to investigate the effects of
Aloe saponaria on nociceptive and inﬂammatory parameters in a rat model of thermal injury.
Materials and methods: Adult male Wistar rats were subjected to a thermal injury or sham procedure
(immersion in water at 70 or 37 1C, respectively, for 5 or 8 s). Burned animals were topically treated
with vehicle (base cream), sulfadiazine 1% (positive control) or Aloe saponaria cream (0.3%–30%) once a
day for 2 or 6 days. Each day, 30 min before the treatment, we measured nociceptive (static and
dynamic mechanical allodynia, thermal allodynia and spontaneous pain) and inﬂammatory (paw
edema) parameters. Moreover, enzymatic indicators of leukocyte inﬁltration into burned tissue were
also determined 2 or 6 days after the thermal injury.
Results: The thermal injury (ﬁst and second-degree) procedure, but not the sham procedure, induced
nociception and inﬂammation from 1 to 6 days after the injury. The topical treatment with Aloe
saponaria cream (10%) reduced nociceptive behaviors from day 1 to 6 (peak at day 2), edema at days
5 and 6 (peak at day 6) and myeloperoxidase, N-acetyl-glucosaminidase and eosinoperoxidase
activities at day 6. The antinociceptive and anti-inﬂammatory effects of Aloe saponaria were obtained
with doses of 3%–30%, with maximal inhibition obtained with a dose of 10% (reductions of 3979%,
4179%, 3177%, 8377% and 2372% for static and dynamic mechanical allodynia, thermal allodynia,
spontaneous pain and paw edema, respectively).
Conclusion: Our results demonstrate that topically applied Aloe saponaria presented antinociceptive
and anti-inﬂammatory effects in rats subjected to a thermal injury, which supports its traditional use
for burn injuries.
& 2013 Elsevier Ireland Ltd. Open access under the Elsevier OA license. 1. Introduction
A thermal injury is a posttraumatic inﬂammatory wound caused
by contact with heat, cold, electricity, chemicals, radiation or friction,
and it is accompanied by both local and systemic effects (Evers et al.,
2010). Most burns are the result of exposure to ﬂame and are induced
by scalding (characterized by hot pouring liquids into the body). Burn
injuries are accompanied by intense inﬂammation, tissue damage,
infection and a signiﬁcant incidence of death and disability (Summerniversidade Federal de Santa
7105-900, Santa Maria, RS,
31.
).
r the Elsevier OA license. et al., 2007; Parihar et al., 2008). Moreover, uncontrolled acute burn
pain increases the incidence of chronic pain and associated depres-
sion, the need for multiple operative procedures and prolonged
hospitalization and rehabilitation, leading to high health care costs
(Richardson and Mustard, 2009).
According to folk medicine, species from the genus Aloe belong to
the Xanthorrhoeaceae Family (The Angiosperm Phylogeny Group,
2009), especially Aloe vera, can be used to treat burn wounds and to
promote other healing processes (Capasso et al., 1998). The Aloe
species are most likely native to South and East Africa, although they
are widespread throughout the world (Iwu, 1993). Pre-clinical
studies have demonstrated that some Aloe species, such as
Aloe vera, Aloe spicata and Aloe ferox, have anti-inﬂammatory and
burn-healing properties (Chithra et al., 1998, Barros et al., 2007;
M.A. Silva et al. / Journal of Ethnopharmacology 146 (2013) 393–401394Loots et al., 2007). Moreover, clinical studies have shown that Aloe
vera has an efﬁcacy superior to that of silver sulfadiazine to treat
burn injuries (Maenthaisong et al., 2007; Khorasani et al., 2009).
Similar to other Aloe species, Aloe saponaria Haw, popularly
known as ‘‘babosa-pintadinha’’, is also commonly used to treat
pain and burn injuries in southern Brazil, where the current study
was carried out (Soares et al., 2004). However, to the best of our
knowledge, there has not been a chemical composition investiga-
tion or a pre-clinical study conﬁrming the putative analgesic and
anti-inﬂammatory activities of Aloe saponaria on burn injuries.
Thus, the goal of this study was to perform a chemical character-
ization and to analyze the antinociceptive and anti-inﬂammatory
effects of Aloe saponaria in the treatment of thermal injury.2. Materials and methods
2.1. Plant material
The plant was collected in July 2008, at Cunhapor~a, in southern
Brazil. A voucher specimen number SMDB 8749 was deposited at
the Herbarium of the Botany Department, Federal University of
Santa Maria (UFSM), Brazil.
2.2. Extraction and pharmaceutical formulation
Fresh leaves were cut in small pieces and macerated with
ethanol (70%) at room temperature for seven days with daily
agitation. The crude hydroethanolic extracts from leaves were
concentrated to dryness in a rotary evaporator (at a temperature
below 50 1C). For the tests, the dry extract (0.3%–30%) or silver
sulfadiazine (1%, used as a positive control) were incorporated into
Lanette cream (Lanettes wax 12.0 g; Solid Vaseline 11.0 mL,
propylene glycol 7.0 mL; parabens solution preservative 3.3 g;
imidazolidinyl urea preservative solution 50%; distilled water for
100 g) manufactured by the Pharmacy of the Federal University of
Santa Maria. Lanette cream without drugs was used as the vehicle.
Some of physicochemical characterization of creams was
carried out, in relation to pH, viscosity and spreadability. pH
values were determined after dispersion of the creams in ultra-
pure water (10%, w/v) using a calibrated potentiometer (Mettler
Toledo, S~ao Paulo, Brazil). The viscosity was evaluated using a
rotational viscosimeter (Brookﬁeld LVDVIIþPro model, USA) and
spindle SC4-25 with a small sample adapter. The spreadability of
formulations was determined according to the methodology
previously described by Borghetti and Knorst (2006).
2.3. Animals
Experiments were performed on adult male Wistar rats
(weighing 250–300 g) bred in our animal house. The animals
were housed in a controlled temperature (2272 1C) with a 12 h
light/dark cycle. They were given standard lab food and water ad
libitum. The animals were habituated in the experimental room
for at least 30 min before the experiments. The experiments were
performed in accordance with the current ethical guidelines for
the investigation of experimental pain in conscious animals from
Zimmermann (1983). Animals were randomly assigned to indivi-
dual treatment groups and all subsequent behavioral tests were
performed blindly. Moreover, to verify the reproducibility of our
data, the experiments were performed at least in two blocks. The
intensities of the noxious stimuli were previously deﬁned by pilot
stimuli–response curves. The used noxious stimuli and number
of animals were the minimum necessary to demonstrate the
consistent and statistically signiﬁcant effects of the procedures
and the drug treatments. The Committee on the Use and Careof Laboratory Animals at our university approved this study
(no. 117/2010).2.4. Reagents, equipment and general procedures for HPLC-DAD
All chemicals were of analytical grade. Methanol, acetic acid,
gallic acid and caffeic acid were purchased from Merck (Darmstadt,
Germany). Quercetin, rutin and kaempferol were acquired from
Sigma Chemical Co. (St. Louis, MO, USA). High performance liquid
chromatography (HPLC-DAD) was performed with a Shimadzu
Prominence Auto Sampler (SIL-20A) HPLC system (Shimadzu, Kyoto,
Japan) equipped with Shimadzu LC-20AT reciprocating pumps
connected to a DGU 20A5 degasser with a CBM 20A integrator,
SPD-M20A diode array detector and the LC solution 1.22 SP1
software.2.4.1. Quantiﬁcation of compounds by HPLC-DAD
Reverse phase chromatographic analyses were carried out
under gradient conditions using a C18 column (4.6 mm250 mm)
packed with 5 mm diameter particles. The mobile phase was
water containing 2% acetic acid (A) and methanol (B), and the
composition of the gradient was 5% of B for 2 min and increased
to obtain 25%, 40%, 50%, 60%, 70% and 100% B at 10, 20, 30, 40, 50
and 100 min, respectively (Evaristo and Leit~ao, 2001). The extract
of the plant was dissolved in ethanol at a concentration of 8 mg/
mL and analyzed. The presence of six phenolic compounds,
namely, gallic, chlorogenic and caffeic acids and the ﬂavonoids
quercetin, rutin and kaempferol, was investigated. Identiﬁcation
of these compounds was performed by comparing their retention
times and UV absorption spectra with those of commercial
standards. The ﬂow rate was 0.6 mL/min, the injection volume
was 40 ml and the wavelengths were 254 nm for gallic acid,
325 nm for caffeic acid, and 365 nm for quercetin, rutin and
kaempferol. All of the samples and mobile phases were ﬁltered
through 0.45 mm membrane ﬁlters (Millipore) and then degassed
with an ultrasonic bath prior to use. Stock solutions of the
reference standards were prepared in the HPLC mobile phase at
a concentration range of 0.031–0.250 mg/ml for kaempferol,
quercetin and rutin and 0.006–0.250 mg/ml for gallic and caffeic
acids. The chromatography peaks were conﬁrmed by comparing
the retention times with those of the reference standards and by
the DAD spectra (200–500 nm). The calibration curves are as
follows: gallic acid, Y¼12407xþ1059.8 (r¼0.9993); caffeic acid,
Y¼16862xþ1126.3 (r¼0.9997); rutin, Y¼18973xþ1575.7 (r¼
0.9989); quercetin, Y¼20134xþ1492.2 (r¼0.9995); and kaemp-
ferol, Y¼17923xþ1853.9 (r¼0.9978). All chromatography opera-
tions were carried out at ambient temperature and in triplicate.2.5. Experimental design
To investigate the effects of Aloe saponaria on thermal injury, adult
male Wistar rats were subjected to a thermal injury or sham
procedure (immersion in water at 70 or 37 1C, respectively, for
5 and 8 s (s)). Burned animals were topically treated with vehicle
(base cream) or Aloe saponaria (0.3%–30%) immediately after thermal
procedure and once a day for 2 or 6 days. The doses range used in our
study were based in previous studies using Aloe vera leaf extract
topical formulations to treat burns that ranged from 0.5% to 50%
(Khorasani et al., 2009; Lv et al., 2006; Bunyapraphatsara et al., 1996).
As a positive control, we have treated a separated group of animals
with silver sulfadiazine (1%). Each day, we measured nociceptive
(static and dynamic mechanical allodynia, thermal allodynia and
spontaneous pain) and inﬂammatory (paw edema) parameters
30 min before the treatment. Moreover, enzymatic indicators of
M.A. Silva et al. / Journal of Ethnopharmacology 146 (2013) 393–401 395leukocyte inﬁltration into the burned tissue were also determined
6 days after the burn.
2.6. Thermal injury models
Rats received a scald burn as described previously by Gao et al.
(2010). Following the measurement of baseline responses, the
animals were anaesthetized with 2% isoﬂuorane, and the right
hind paw was placed and held in 70 1C water for 5 or 8 s. In the
sham procedure group, the right hind paw was exposed to 37 1C
water for 5 or 8 s. After the stimulus was applied, the rat was
returned to the individual testing compartment and allowed to
recover from anesthesia within 2–3 min. Hot-water immersion
for 5 and 8 s was considered ﬁrst and second-degree burn,
respectively (Gao et al. 2010). Since second-degree thermal injury
produced a more severe tissue lesion than the ﬁrst-degree injury,
we assessed nociception and inﬂammation for two and six days
after burn, respectively, to avoid unnecessary discomfort of
animals.
2.7. Nociception assessment
2.7.1. Static mechanical allodynia
Static mechanical allodynia was measured as described pre-
viously by Chaplan et al. (1994). Rats were individually placed in
clear Plexiglas boxes (9 cm7 cm11 cm) on elevated, wire
mesh platforms to access the ventral surface of the hind paws.
The paws were touched with a series of seven von Frey hairs
(6–100 g). The von Frey hairs were applied perpendicular to the
plantar surface of the paws with sufﬁcient force to cause a slight
buckling against the paws and were held for approximately 2 s.
The 50% withdrawal threshold was determined using the up-and-
down method of Dixon (1980). In this paradigm, testing was
initiated with the 15-g hair. Stimuli were always presented
consecutively; either ascending or descending. Withdrawal
thresholds were veriﬁed at several time points after thermal
injury (from1 to 6 days) and were compared with the baseline
values (before thermal injury).2.7.2. Dynamic mechanical allodynia
The dynamic response to a non-noxious mechanical stimulus
was measured with modiﬁcations as described previously by
Jaggi and Singh (2011). The response to a smooth paintbrush
has been described as allodynia because naive rats rarely with-
draw from this stimulus. Rats were placed in a cylinder with a
wire mesh ﬂoor and a smooth paintbrush stimulus was used to
rub the plantar area of hind paw from the heel to the toes for a
maximum of 15 s. A paw withdrawal response within 15 s was
considered dynamic mechanical allodynia.2.7.3. Thermal allodynia
We employed the paw immersion test to observe the response
of rats to non-noxious heat, as described previously by Takahashi
et al. (2003). Brieﬂy, after the environmental habituation period,
rats were gently handled, and their right paw was dipped into a
bath containing water at 30 1C. This low-intensity stimulus yields
baseline latencies (15 s) that are long enough to observe hyper-
algesia or analgesia. The latency to withdraw the paw from the
non-noxious bath was recorded with a stopwatch. Each rat was
tested twice before the administration of drugs to obtain baseline
withdrawal latencies and several times after drug treatments.
If after 15 s the animals did not withdrawal their paw, the
stimulus as the test was suspended. The paw withdrawal
response within 15 s was considered to be a nociceptive behavior.2.7.4. Spontaneous nociception
Inspection of rat behavior was performed during the time they
stayed on the wire mesh ﬂoor, as described previously by
Weissman-Fogel et al. (2008). A number of measurements were
observed: gait/weight bearing disturbance, guarding, hind paw
lifting and grooming. The time spent demonstrating any one of
these behaviors was measured for 5 min with a chronometer and
deﬁned as spontaneous pain. Spontaneous pain was veriﬁed at
several time points after the thermal injury (from 1 to 6 days) and
was compared to the control group (sham). A spontaneous pain
response was veriﬁed before the measurement of allodynia.
2.8. Inﬂammation assessment
2.8.1. Edema formation
The edema induced by a thermal burn was considered as the
increase in paw thickness measured with a digital caliper (Mytutoio,
Japan) as described previously by Silva et al. (2010). Paw thickness
was veriﬁed at several time points (1 to 6 days) after thermal injury
and compared to baseline values (before thermal injury).
2.8.2. Leukocyte inﬁltration markers
To estimate the inﬂammatory cell inﬁltration in the paw after
a thermal injury, paw skin samples were collected to estimate the
activities of myeloperoxidase (MPO), N-acetyl-b-D-glucosamini-
dase (NAGase) and eosinoperoxydase (EPO), markers of neutro-
phil, macrophage and eosinophil inﬁltration, respectively (Lloret
and Moreno., 1995; Suzuki et al., 1983; Kang et al., 2008). Firstly,
the samples were homogenized in acetate buffer (8 mM, pH 5.5)
containing 0.5% HTAB and centrifuged at 16,000 g at 4 1C for
20 min, and the supernatant was collected.
For the MPO activity measurement, 10 ml of supernatant was
added to 200 ml of acetate buffer (200 mM, pH 5.4) and 20 ml of
3,30,5,50 tetramethyl-benzidine (TMB-18.4 mM) in a 96-well plate
and incubated at 37 1C for 3 min in duplicate. To stop the reaction,
the microplates were incubated in an ice bath, and 30 ml of acetic
acid was added. The color formed was assessed at 630 nm.
For the measurement of NAGase activity, 25 mL of the super-
natant was incubated with 25 mL of 4-nitrophenyl N-acetyl-b-D-
glucosaminide (2.24 nM) and 100 mL of citrate buffer (50 mM,
pH 4.5) at 37 1C for 1 h. After incubation, 100 mL of glycine buffer
(0.2 mM, pH 10.4) was added to stop the reaction and to allow for
the development of color, and it was measured at 405 nm.
For the measurement of EPO activity, 100 ml of a substrate
solution consisting of 0.1 mM of o-phenylenediamine in Tris–HCl
buffer (0.05 M, pH 8.0) with 0.1% Triton X-100 and 1 mM H2O2
was added to 100 ml of supernatant. The reaction mixture was
incubated for 30 min at 37 1C, and then the reaction was stopped
by the addition of 50 ml of 4 M H2SO4. The enzyme activity was
evaluated colorimetrically at 490 nm.
The absorbance of all reactions was measured in a Fisher
Biotech Microkinetics Reader BT 2000 microplate reader. The
values are expressed as optical densities, corrected for the protein
content, which was measured by the method of Bradford (1976).
2.9. Histology
To conﬁrm the leukocyte inﬁltration in the tissues of the right
hind paws of the animals that received or did not receive a
thermal injury, we carried out histological analyses. Samples were
collected 6 days after the incision or sham procedure. Rats were
sacriﬁced, and their paws were removed and ﬁxed in alfac
solution (16:2:1 mixture of ethanol 80%, formaldehyde 40% and
acetic acid) and then decalciﬁed. Each sample was embedded
in parafﬁn wax, sectioned at 5 mm and stained with toluidine
M.A. Silva et al. / Journal of Ethnopharmacology 146 (2013) 393–401396blue. A representative area was selected for qualitative light
microscopic analysis of the inﬂammatory cellular response with
a 10 and 100 objective (Oliveira et al., 2011). To minimize
any source of bias, the investigator analyzing the samples did not
know the identity of the group that he was analyzing.2.10. Statistical analyses
The results are expressed as the means7S.E.M. All data were
analyzed by Student’s t-test, one-way or two-way analysis of
variance (ANOVA) followed by Bonferroni’s or Student–Newman–
Keuls’ (SNK) post hoc tests when appropriate. P values of less than
0.05 (Po0.05) were considered signiﬁcant. The Imax (maximal
inhibition) were calculated based on the responses of the control
(sham) group. To meet the ANOVA assumptions, the mechanical
allodynia data were subjected to Log transformation before
statistical analysis.10
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3.1. HPLC analysis of the Aloe saponaria extract and
physicochemical characterization of creams
The HPLC ﬁngerprinting demonstrated that ﬂavonoids (querce-
tin, rutin and kaempferol) and phenolic acids (gallic and caffeic
acids) are present in the extract of Aloe saponaria. The quantitative
analysis of Aloe saponaria extract revealed the presence of gallic
acid (tR¼13.97 min; 1.05%; peak 1), caffeic acid (tR¼27.15 min;
0.47%; peak 2), rutin (tR¼41.54 min; 2.13%; peak 3), quercetinFig. 1. Representative high performance liquid chromatography spectrum of Aloe
saponaria, detection UV was at 325 nm. Gallic acid (peak 1), caffeic acid (peak 2),
rutin (peak 3), quercetin (peak 4) and kaempferol (peak 5). Chromatographic
conditions are described in the Methods section.
Table 1
Phenolics and ﬂavonoids composition of Aloe saponaria.
Compounds Aloe saponaria
mg/g Percent
Gallic acid 10.5370.11 1.05
Caffeic acid 4.7270.02n 0.47
Rutin 21.3070.12n 2.13
Quercetin 10.9470.09 1.09
Kaempferol 3.8670.25n 0.38
Results are expressed as mean7standard deviations (SD) of three determinations.
n Po0.05 compared to the gallic acid concentration (one-way ANOVA
followed by the Newman–Keuls test).(tR¼50.83 min; 1.09%; peak 4) and kaempferol (tR¼69.06 min;
0.38%; peak 5) (Fig. 1 and Table 1).
For the tests, the dry extract was incorporated into Lanette
cream and some of physicochemical characterization of formula-
tions was carried out. Regarding the spreadability, no difference
(P40.05; Student’s t-test) was observed between base cream and
Aloe saponaria 10% cream (spreadability factor¼3.0270.47 and
2.3670.45 mm2/g, respectively). At 0.22 s1 (shear rate), the
viscosity was 230,831 and 94,060 mPa s for base cream and Aloe
saponaria 10% cream, respectively. Moreover, the formulations
exhibited a non-Newtonian behavior, because the viscosity varied
according to the change in the shear rate. The pH values obtained
were 5.87 and 4.91 for base cream and Aloe saponaria 10% cream,
respectively, and were compatible with topical application.
3.2. Effects of Aloe saponaria treatment on mechanical allodynia
induced by a thermal injury
Compared to animals that received the sham procedure,
animals that received a ﬁrst-degree thermal injury and were
not treated developed static mechanical allodynia, which was0 1 2 3 4 5 6
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Fig. 2. Time-course (A) and dose–response curves (B) for the Aloe saponaria
extract, no treatment (N/treat) and Sulfadiazine 1% (Sulfa) effects on static
mechanical allodynia (A and B) induced by a ﬁrst-degree thermal injury. The
dose–response curves for allodynia were assessed at 48 h after thermal injury.
Data are presented as the means7SEM from 7 rats. *Po0.05; **Po0.01 and
***Po0.001 compared to the no treatment group (Two-way ANOVA followed by
Bonferroni’s test).
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threshold in response to von Frey ﬁlaments (24.770.9 g at
baseline for the sham group vs. to 6.170.5 g for the thermal
injury group Po0.01, Student’s t-test) (Fig. 2A–B). Furthermore,
compared to rats that received the sham procedure, rats that
received a ﬁrst-degree thermal injury also presented dynamic
mechanical allodynia characterized by a signiﬁcant reduction in
the paw withdrawal latencies in response to a paintbrush
(1473 s at baseline to 2.070.5 s, Po0.01, Student’s t-test)
(Fig. 3A–B). The topical treatment with the vehicle did not alter
either static or dynamic allodynia caused by the burn. On the
other hand, the treatment with Aloe saponaria (10%) or sulfadia-
zine (1%, used as a positive control) was able to reduce the static
and dynamic mechanical allodynia induced by the thermal injury,
an effect that started at 1 day, peaked at 2 days and was
maintained up to 6 days after injury (Figs. 2 and 3A). The dose–
response curve demonstrated that Aloe saponaria treatment at the
doses of 10% and 30%, but not at 0.3% and 1%, was capable of
reducing static and dynamic allodynia with a maximal inhibition
of 68711% and 3675%, respectively (at the dose of 10%),
demonstrating an efﬁcacy similar to that of sulfadiazine (inhibi-
tion of 70711% and 38710%, respectively) (Figs. 2 and 3B).0 1 2 3 4 5 6
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Fig. 3. Time-course (A) and dose–response curves (B) for the Aloe saponaria
extract, no treatment (N/treat) and Sulfadiazine 1% (Sulfa) effects on dynamic
mechanical allodynia (A and B) induced by a ﬁrst-degree thermal injury. The
dose–response curves for allodynia were assessed at 48 h after thermal injury.
Data are presented as the means7SEM from seven rats. *Po0.05; **Po0.01 and
***Po0.001 compared to the no treatment group (Two-way ANOVA followed by
Bonferroni’s test).Similar to the ﬁrst-degree, animals submitted to second-
degree thermal injury developed static and dynamic mechanical
allodynia (Suppl. Fig. 1A–B). The topical treatment with Aloe
saponaria (10%) or sulfadiazine (1%, used as a positive control),
but not with vehicle, was able to reduce static (inhibitions of
57712% and 7276%, respectively) and dynamic (1075% and
1579%, respectively) mechanical allodynia with similar efﬁcacy
(Suppl. Fig. 1A–B).
3.3. Effect of Aloe saponaria treatment on heat allodynia induced
by a thermal injury
Animals that received a ﬁrst-degree thermal injury and were
not treated developed thermal allodynia characterized by a
signiﬁcant reduction in the latency to non-noxious heat compared
with the sham procedure (1370.6 s at baseline to 2.870.7 s,
respectively, Po0.01, Student’s t-test) (Fig. 4A–B). Topical treat-
ment with vehicle did not alter thermal allodynia caused by the
ﬁrst-degree burn. On the other hand, it was observed that
treatment with Aloe saponaria (10%) or sulfadiazine (1%, used as
a positive control) was able to reduce the thermal allodynia0 1 2 3 4 5 6
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Fig. 4. Time-course (A) and dose–response curves (B) for the Aloe saponaria
extract, no treatment (N/treat) and Sulfadiazine 1% (Sulfa) effects on thermal
allodynia (A and B) induced by a ﬁrst-degree thermal injury. The dose–response
curves for allodynia were assessed at 48 h after thermal injury. Data are presented
as the means7SEM from 7 rats. *Po0.05; **Po0.01 and ***Po0.001 compared to
the no treatment group (Two-way ANOVA followed by Bonferroni’s test).
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peaked at 2 days and was maintained up to 6 days after injury
(Fig. 4A). The dose–response curve demonstrated that Aloe sapo-
naria treatment at the doses of 10% and 30%, but not at 0.3% and
1%, was capable of reducing thermal allodynia with maximal
inhibition of 2976% (at the dose of 10%) demonstrating an
efﬁcacy similar to that of 1% sulfadiazine (inhibition of 3876%)
(Fig. 4B).
Similarly to the ﬁrst-degree injury, animals submitted to
second-degree thermal injury developed thermal allodynia
(Suppl. Fig. 1C). The topical treatment with Aloe saponaria (10%)
or sulfadiazine (1%), but not with vehicle, was capable of reducing
thermal allodynia induced by the thermal injury, an effect that
started at 1 day, peaked at 2 days after injury (with inhibitions of
8774% and 8274%, respectively) (Suppl. Fig. 1C)
3.4. Effect of Aloe saponaria treatment on spontaneous nociception
induced by a thermal injury
Animals that received a ﬁrst-degree thermal injury and were
not treated presented spontaneous pain characterized by the
presence of gait/weight bearing disturbance, guarding, hind paw1 2 3 4 5 6
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Fig. 5. Time-course (A) and dose–response curves (B) for the Aloe saponaria
extract, no treatment (N/treat) and Sulfadiazine 1% (Sulfa) effects on spontaneous
pain (A and B) induced by a ﬁrst-degree thermal injury. The dose–response curves
for spontaneous pain were assessed at 48 h after thermal injury. Data represented
as the means7SEM from 7 rats *Po0.05; **Po0.01 and ***Po0.001 compared to
the no treatment group (Two-way ANOVA followed by Bonferroni0s test).lifting and grooming compared to the sham procedure group
(58711 s, Po0.01, Student’s t-test) (Fig. 5A–B). Topical treat-
ment with vehicle did not alter the spontaneous pain caused by
the ﬁrst-degree burn. On the other hand, it was observed that
treatment with Aloe saponaria (10%) or sulfadiazine (1%, used as
a positive control) was able to reduce the spontaneous pain
induced by the thermal injury, an effect that started at 1 day,
peaked at 2 days and was maintained up to 6 days after injury
(Fig. 5A). The dose–response curve demonstrated that Aloe sapo-
naria treatment at the doses of 10% and 30%, but not at 0.3% and
1%, were capable of reducing spontaneous pain with maximal
inhibition of 8377% (at the dose of 10%), demonstrating an
efﬁcacy similar to that of sulfadiazine 1% (inhibition of 8178%)
(Fig. 5B).
Furthermore, rats submitted to second-degree thermal injury
(second-degree model) presented spontaneous pain (Suppl.
Fig. 1E). The topical treatment with the vehicle did not alter
spontaneous pain caused by the second-degree thermal injury,
but the treatment with Aloe saponaria (10%) or sulfadiazine
(1%, used as a positive control) was able to reduce the sponta-
neous pain induced by the thermal injury (7173% and 6174%,0 1 2 3 4 5 6
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Fig. 6. Time-course (A) and dose–response curves (B) for the Aloe saponaria
extract, no treatment (N/treat) and Sulfadiazine 1% (Sulfa) effects on paw edema
(A and B) induced by a ﬁrst-degree thermal injury. The dose–response curve for
paw edema was assessed at 144 h after thermal injury. Data represented as the
means7SEM from seven rats. *Po0.05; **Po0.01 and ***Po0.001 compared to
the no treatment group (Two-way ANOVA followed by Bonferroni’s test).
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injury (Suppl. Fig. 1E).0
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)3.5. Effects of Aloe saponaria treatment on paw edema induced
by a thermal injury
Compared to animals that received the sham procedure,
animals that received the ﬁrst-degree thermal injury procedure
and were not treated presented edema characterized by an
increase in paw thickness (470.1 mm at baseline compared to
11.1570.09 mm, respectively, Po0.01, Student’s t-test) (Fig. 6A–
B). Topical treatment with the vehicle did not alter edema
formation caused by the ﬁrst-degree burn. On the other hand, it
was observed that treatment with Aloe saponaria (10%) or sulfa-
diazine (1%, used as a positive control) was able to reduce the
thermal injury-induced edema, an effect that started at day 4 and
was maintained up to 6 days (peaked) after injury (Fig. 6A). The
dose–response curve demonstrated that Aloe saponaria treatment
at the doses of 10 and 30%, but not at 0.3% and 1%, was capable of
reducing the edema formation with maximal inhibition of 6272%
(at the dose of 10%), demonstrating an efﬁcacy similar to that of
1% sulfadiazine (inhibition of 5172%) (Fig. 6B).
Animal submitted to a second-degree thermal injury devel-
oped paw edema, which was inhibited by the topical treatment
with Aloe saponaria (10%) or sulfadiazine (1%) (reductions of
2875% and 3579% at 2 days after injury, respectively) (Suppl.
Fig. 1D).
Furthermore, we have tested the treatments in animals sub-
mitted to sham procedure (that not received thermal injury).
During 6 days, none of the treatments (vehicle, sulfadiazine 1% or
Aloe saponaria 10%) caused edema or nociception in animals (data
not shown), indicating that they not produced skin irritation in
animals.0
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Fig. 7. Effect of the treatment with Aloe saponaria 10% extract or silver sulfadia-
zine 1% after 6 days treatment on MPO (A), NAG (B) and EPO (C) levels in the paw
tissue of rats subjected to a thermal burn. Data are presented as the means7SEM
from seven rats. *Po0.05 and **Po0.01 compared to the no treatment group.
#Po0.01 compared to the control group. (Two-way ANOVA followed by
Bonferroni’s test).3.6. Aloe saponaria Haw attenuated leukocyte inﬁltration induced
by the thermal burn injury
To investigate whether the treatment with Aloe saponaria altered
neutrophil, macrophage and eosinophil inﬁltration induced by
injury, we assessed the activities of MPO, NAGase and EPO in the
injured tissue (Fig. 7A – C). Six days after the ﬁrst-degree thermal
injury, we detected increases of 100%, 66714% and 100% in the
MPO, NAGase and EPO activities, respectively, compared with the
sham-injured group. The increases in the MPO, NAGase and EPO
activities were inhibited by the A. saponaria (10%) treatment (100%,
6073% and 8376%, respectively). Similarly, the silver sulfadiazine
treatment (1%, used as positive control) also inhibited the increases
in the MPO, NAGase and EPO activities caused by the thermal injury
(inhibitory effects of 68714%, 79710% and 5574%, respectively).
Furthermore, we conﬁrmed our enzymatic leukocyte inﬁltra-
tion detection with histological analyses. In accordance with the
enzymatic results, the ﬁrst-degree thermal injury-induced leuko-
cyte inﬁltration observed in histological slides compared with the
sham procedure submitted group (Suppl. Fig. 2A–B). The treat-
ment with sulfadiazine 1% or Aloe saponaria 10%, but not with
vehicle, caused a reduction in leukocytes inﬁltration compared
with no treatment group (Suppl. Fig. 2C–E).
Finally, we also assessed the activities of MPO and EPO in the
injured tissue that animals that received the second-degree
thermal injury. Two days after injury, we detected an increased
of MPO and EPO activities that were reduced by either Aloe
saponaria (10%) (inhibitions of 1873% and 33712%, respec-
tively) or silver sulfadiazine (1%) treatment (inhibitions of
1674% and 3773%, respectively) (Suppl. Fig. 3A–B).4. Discussion
Aloe saponaria has been empirically used worldwide as a folk
medicine for various skin disorders, including thermal injuries, and
this treatment is based on anecdotal evidence or on research
conducted almost exclusively with Aloe vera (Soares et al., 2004).
Thus, we investigated the antinociceptive and anti-inﬂammatory
effects of Aloe saponaria for the treatment of both ﬁrst and second-
degree thermal injuries, which has yet to be studied. The results of
this study demonstrate that burn-induced nociception and inﬂam-
mation is ameliorated by topical treatment with Aloe saponaria.
A preliminary HPLC analysis of Aloe saponaria showed several
chromatographic peaks, revealing great chemical diversity. Among
the substances present, ﬂavonoids (rutin, quercetin and kaempferol)
and phenolic acids (gallic and caffeic acids) were found. These
M.A. Silva et al. / Journal of Ethnopharmacology 146 (2013) 393–401400ﬂavonoids and phenolics are widely distributed in medicinal plants.
Our results are in accordance with previous ﬁndings for the same
genus, which detected phenols and ﬂavonoids in leaf extracts of Aloe
ferox, Aloe secundiﬂora and Aloe vera (Rebecca et al., 2003; Wintola
and Afolayan, 2011). Moreover, several studies have shown that the
ﬂavonoids and phenolics found in Aloe saponaria possess antinoci-
ceptive and anti-inﬂammatory effects in models of inﬂammatory
pain in rodents (Lapa et al., 2009; Hajhashemi et al., 2012; Mehrotra
et al., 2011). Thus, these biological activities could be responsible, at
least in part, for the effects of Aloe saponaria observed in our study.
To evaluate the antinociceptive and anti-inﬂammatory activ-
ities of Aloe saponaria, we used a thermal injury model (Gao et al.,
2010) in which the animals received a scald burn to the paw. In a
scald burn, pain is the most frequent complaint of the injured
patient. Patients present mechanical allodynia, thermal hyperal-
gesia and spontaneous pain of the skin (Summer et al., 2007).
Moreover, in humans, burns cause edema and leukocyte inﬁltra-
tion (Kowal-Verne et al., 1997). Because we detected the same
signs and symptoms in our study, this model seems to be relevant
to study the anti-inﬂammatory and antinociceptive effects of Aloe
saponaria after a thermal burn.
The hyperalgesia induced by mechanical stimulation of the
injured site is the major source of severe pain after a burn injury
(Summer et al., 2007). In accordance, our study showed that ﬁrst
and second-degree thermal injury model decreased the threshold of
static mechanical allodynia and decreased the latency in dynamic
mechanical allodynia and thermal allodynia in rats. Furthermore,
burn-injured patients also describe spontaneous components of
breakthrough pain. Spontaneous pain is commonly reported by
patients in qualitative terms such as ‘‘stinging’’, ‘‘pricking’’, ‘‘shoot-
ing’’, and ‘‘pounding’’ (Summer et al., 2007). Spontaneous nocicep-
tion after a burn could also be observed in rats subjected to the
thermal injury model. Our ﬁndings showed that topical treatment
with Aloe saponaria had an antinociceptive effect in various broad
parameters of pain, such as dynamic and static mechanical allody-
nia, thermal allodynia and spontaneous nociception. Our ﬁndings
are in agreement with a previous study that showed that systemic
administration of an ethanol extract of Aloe saponaria presented
antinociceptive effects in a model of neuropathic pain caused by
successive treatment with cisplatin (Yoo et al., 2008).
A skin burn results in local tissue damage, which induces a
painful inﬂammatory process (Sener et al., 2003). In fact, we
observed that thermal injury-induced edema formation, an effect
that was reduced by Aloe saponaria treatment. Other species from
the genus Aloe have been previously described to have topical anti-
edematogenic effects. For instance, Aloe vera treatment reduces
edema produced by bacteria infection (Rishi et al., 2008). Similar
to Aloe saponaria, the treatment with 1% silver sulfadiazine (positive
control) had antinociceptive and anti-inﬂammatory effects in the
thermal burn model. Silver sulfadiazine is the most commonly used
topical treatment for burn injury, and several studies have shown it
to be effective to treat burn injuries (Maenthaisong et al., 2007;
Khorasani et al., 2009). Because Aloe saponaria presented efﬁcacy
similar to sulfadiazine and Aloe vera (Bunyapraphatsara et al., 1996
and present study), the antinociceptive and anti-inﬂammatory
effects of this plant could be beneﬁcial in the treatment of ﬁrst
and second-degree burns, apart being as effective as the reference
treatments. The similar efﬁcacy of Aloe saponaria and silver sulfa-
diazine could be due to their resemblance with regard to its
properties. In fact, sulfadiazine is primarily used for burns because
of its antimicrobial action (Khorasani et al., 2009) and a study
indicated that Aloe saponaria also possesses antibacterial action
(Tian et al., 2003). Furthermore, we also observed that Aloe saponaria
extract 10% was more effective than 30% to produce antinociceptive
and antiinﬂammatory effects. This ﬁnding is not unexpected since
the relationship of the ﬂux of a drug from ointments to skin and thedrug dose follows usually an inverted-U shaped curve (Troy, 2005).
In fact, the evaporation of more volatile components of a cream
(such as water) may lead to the early precipitation of drugs,
reducing their access to skin, which may explain why the Aloe
saponaria dose of 30% is less effective than of 10%.
In addition to edema, burn wounds are also susceptible to
inﬁltration by a variety of cell types including macrophages and
neutrophils (Sener et al., 2003; Evers et al., 2010). The MPO, NAGase
and EPO activities in injured tissue were used as a marker of
neutrophil, macrophage and eosinophil inﬁltration, respectively
(Lloret and Moreno., 1995; Kang et al., 2008). Our observation
demonstrated that the MPO, NAGase and EPO activities were
increased in paw tissue samples after a thermal injury, indicating
neutrophil, macrophage and eosinophil inﬁltration into this tissue,
which could contribute to injury in a thermal injury. Concomitant
with its antinociceptive and anti-edematogenic effects, Aloe sapo-
naria has a preventive effect in a thermal injury through inhibition
of the inﬁltration of neutrophils, macrophages and eosinophils. In
accordance with our ﬁndings, it has been found that Aloe vera
reduced leukocyte adhesion in the endothelium of burn-wounded
rats (Duansak et al., 2003). Furthermore, Yoo et al. (2008) showed
that the incubation of Aloe saponaria extract with cultured macro-
phages in vitro suppressed nitric oxide production and inhibited the
lipopolysaccharide (LPS)-induced mRNA increases in nitric oxide
synthase, granulocyte-macrophage colony-stimulating factor and
cyclooxygenase 2. Thus, the reduction in leukocyte inﬁltration and
activation in injured tissue seems to contribute to the beneﬁcial
effects of Aloe saponaria on thermal injury.
Finally, changes in the physicochemical characteristics of the
cream after extract incorporation could facilitate its anti-
inﬂammatory action. In fact, the incorporation of the Aloe saponaria
extract into Lanette cream reduced its pH and viscosity, but not its
spreadability. It is important to relate that the efﬁcacy of topical
therapy depends on the patient spreading the formulation on
the skin, and their distribution on the applied region, as well as
the viscosity and composition (Garg et al., 2002). In this case, the
formulations had similar values and the incorporation of the Aloe
extract into the base cream did not inﬂuence its spreadability. Apart
to be lower than base cream, the pH value of the Aloe saponaria
cream was still compatible with topical application and with the
slightly acidic mantle of skin pH between 4.6 and 5.8. Furthermore,
the low pH of the cream Aloe may be favorable in the healing
process, since the acid mantle has a number of functions, including
antimicrobial defense and restriction of inﬂammation by inhibiting
the release of pro-inﬂammatory cytokines (Prow et al., 2011).
In conclusion, the results presented in this study show that
treatment with Aloe saponaria Haw has antinociceptive and anti-
inﬂammatory effects in an animal that received ﬁrst or second-
degree model of thermal injuries. Taken together, our results
support the traditional use of this plant in the treatment of burns.Acknowledgments
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